To reduce the risk of long-term care, it is important to prevent the functional decline of the locomotorium of elderly individuals early in life. This study aimed to clarify locomotive syndrome (LS) in Japanese office workers. The participants included 263 workers that mainly performed deskwork. Participants performed the LS risk test and completed a self-administered questionnaire survey that focused on lifestyle-related diseases, anxiety about physical strength, pain in the locomotorium, and health-related quality of life. Sixty participants (22.8%) were at risk for LS, and 17.5% of these participants were in their 20s. Of the participants at risk for LS (LS group), 30.0% had anxiety about physical strength, which was a significantly high ratio compared to the 14.3% of participants who expressed anxiety about physical strength, but were not at risk for LS (non-LS group) (χ 2 = 6.479, p < .05). There were significant differences between risk for LS and pain in the back and hip joints (χ 2 = 5.813, p < .05, χ 2 = 4.895, p < .05). The LS group had a significantly lower mean physical summary score than the non-LS group (t = 3.286, p < .01). Thus, an intervention to prevent LS is important during the early stages, and signs such as pain in the locomotorium and anxiety about physical strength must not be overlooked.
Introduction
The average life span of Japanese people is one of the longest in the world, and Japanese men and women are ranked first globally for a healthy life expectancy 1, 2) . According to data from the Cabinet Office of Japan 3) , the differences between the average life span and healthy life expectancy are approximately 13 years for women and approximately 9 years for men. The expense burden for long-term care and medical care increases as the difference between the average life span and healthy life expectancy increases. In Japan, the ratio of the population 65 years of age and older is increasing rapidly, and is estimated to reach 30.1% by 2024 and 39.0% by 2051 4) . Therefore, extension of the healthy life expectancy is regarded as an important issue for reducing the expense burden and improving the quality of life of the aging population.
Locomotive syndrome (LS) was proposed by the Japanese Orthopaedic Association as a condition that places people at high risk for needing long-term care. Some causes of LS are reduced muscle strength and balance associated with aging and disorders of the locomotive system, which consists of bones, joints, muscles, and nerves 5) . More than 47 million people in Japan are estimated to have LS 6) . According to a recent comprehensive survey of living conditions by the Ministry of Health, Labour and Welfare in Japan 7) , approximately 10% of individuals that require long-term care in Japan have problems associated with diseases of the locomotive organs.
The Japanese government proposed measures to promote the extension of healthy life expectancy in a growth strategy implemented in 2013 8) , and one of the target areas was "health promotion of the working generation". Moreover, a policy on health promotion sought to raise people's awareness about LS 9) . Thus, it is important to prevent the functional decline of the locomotorium in elderly individuals early in life to reduce the risk for needing long-term care. While there have been many studies on LS in older subjects, there have been very few studies on LS that include the working generation, including subjects in their 20s.
Thus, this study aimed to clarify LS in Japanese office workers by means of an LS risk test and self-administered questionnaire survey. 10) . Participants at risk level 1 met one of the following criteria: unable to stand up from a height of 40 cm using either leg, a two-step score less than 1.3, or 7 points or more on the 25-question risk assessment. Participants at risk level 2 met one of the following criteria: unable to stand up from a height of 20 cm using both legs, a two-step score less than 1.1, or 16 points or more on the 25-question risk assessment.
Methods

Participants
We used the Japanese version of the SF-8 as a healthrelated quality of life measure 11) . Each item of the SF-8 indicates a health profile of eight dimensions: general health perceptions (GF), physical function (PF), role limitations due to physical health (RP), bodily pain (BP), vitality (VIT), social functioning (SF), mental health (MH), and role limitations due to emotional problems (RE). Furthermore, the SF-8 produces two higher-order summary scores: the physical component summary (PCS) and the mental component summary (MCS) scores.
Statistical Analysis. Differences in gender, age, BMI were compared using the Chi-square test, Student's t-test or Welch's t-test, as appropriate. The Mann-Whitney U test was used to examine the relevance of gender and age on LS and anxiety about physical strength. The MantelHaenszel test was used to examine the relevance of anxiety about physical strength, lifestyle-related diseases, and pain in the locomotorium to LS. Welch's t-test was used to examine the differences in SF-8 scores between the LS and non-LS groups. Seven participants did not complete the SF-8. All statistical analyses were conducted using IBM SPSS 22.0 (IBM Corp., Released 2013. Armonk, NY, USA). The level of significance was set at 5%. Table 1 shows distribution of participant characteristics according to the presence of LS. The mean age of participants in the LS group was significantly higher than that of participants in the non-LS group (p = .029). There were no significant differences in gender or BMI between the LS and non-LS groups.
Results
Distribution of participant characteristics according to presence of LS.
Classification of LS and relationships of LS with gender and age. Sixty participants (22.8%) were found to have a level 1 or level 2 risk for LS. Most of the participants found to be at level 1 or level 2 risk for LS were in their Table 2) .
Relationship between anxiety about physical strength and LS. There was a significant difference between anxiety about physical strength and age (p = .013). More participants in the younger age groups expressed anxiety about physical strength [20s (22.5%), 30s (24.2%), 40s (20.3%), 50s (9.4%) and 60s (5.6%)]. In contrast, there were no significant differences between anxiety about physical strength and gender (Table 3) . The ratio of participants who were at risk for LS and the ratio of participants who had anxiety about physical strength were examined using the Mantel-Haenszel test, as there were influences from both gender and age. There was a significant difference between the ratio of participants at risk for LS and anxiety about physical strength (χ 2 = 6.479, p = .011), and there was a significantly high ratio (30.0%) in comparison to the 14.3% of participants who were not at risk for LS (Table 4) . Table 2 . Relationship of LS with gender and age 
Relationship between lifestyle-related diseases and LS.
The relationship between lifestyle-related diseases and the risk for LS was examined using the Mantel-Haenszel test, as there were influences from both gender and age. There were no significant differences between high blood pressure, diabetes, anemia, cerebrovascular disease and the risk for LS. However, the ratio of those at risk for LS was high for participants with diabetes and those with a cerebrovascular disease (Table 5) .
Relationship between pain in the locomotorium and LS.
The relationship between pain in the locomotorium and the risk for LS was examined using the Mantel-Haenszel test, as there were influences from gender and age. There were significant differences between the risk for LS and pain in the hip joint (χ 2 = 4.895, p = .027) and back (χ 2 = 5.813, p = .016). In contrast, there were no significant differences between the risk for LS and pain in the shoulder and knee (Table 6 ).
Differences in SF-8 scores between the LS and non-LS groups.
The SF-8 scores were analyzed for 256 participants, as seven participants did not complete the survey. The LS group had a significantly lower mean PCS (physical component summary) score, 49.1 ± 6.2, than the non-LS group, 51.9 ± 4.9 (t = 3.286, p = .002). The mean MCS (mental component summary) score was 49.1 ± 8.2 for the LS group and 50.7 ± 5.4 for the non-LS group. The LS group had a lower mean MCS score, but the difference was not significant (Table 7) .
Discussion
Locomotive syndrome is a condition that places people at high risk for needing long-term care, and reduced muscle strength and balance associated with certain disorders and aging are factors related to LS. Studies of LS in elderly people have been reported 12, 13) , but there have been few investigations of people younger than 60 years old. The present study investigated LS in 263 workers ranging in age from 20 to 67 years old, and there were some workers at risk for LS in each age group. Participant level of risk for LS was assessed using the clinical levels devised by the Japanese Orthopaedic Association in 2015 10) . An LS risk level of 1 indicates that a decline in locomotive functions has already begun, whereas an LS risk level of 2 indicates that the decline of locomotive functions is already advanced and the risk of becoming unable to lead an independent lifestyle is high. Thus, the results of the present study show that the signs of a decrease in movement ability were present in approximately 30% of the workers, some of whom were in their 20s. Therefore, some type of intervention to prevent LS in younger people is necessary.
A greater number of women in their 40s and a greater number of men in their 60s were at risk for LS compared to the other age groups. Women tended to have an increased risk for LS at a younger age compared to men. Yamada et al. 14) reported that a decrease in mobility, as assessed using the LS risk test, was related to age. Osteoporosis is considered one of the causative diseases of LS. Because the decrease in sex hormone levels associated with menopause reduces bone mineral density, women are at risk for osteoporosis. Moreover, women tend to have less muscle mass than men, and overall muscle mass begins to decrease after 40-50 years of age 15, 16) . Therefore, the functional decline of the locomotive system may be more evident in women at a younger age, as shown in the present study. In Japan, 30% of the women requiring nursing care are assumed to have diseases of locomotive organs, and this ratio is higher than that for men 17) . Thus, intervention to prevent LS during its early stages is especially important for women.
Weakening of physical strength with aging and a lack of exercise lead to a decrease in physical function, which is a factor for LS. In the present study, high ratios of young participants and participants in the LS group had Note: Both gender and age were adjusted using the Mantel-Haenszel test, *p < .05
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anxiety about physical strength compared to participants in the non-LS group. Therefore, intervention to improve physical strength might be effective for preventing LS in younger people. Numerous factors related to lifestyle-related diseases have been studied in Europe, America and Asian countries [18] [19] [20] [21] . In Japan, specific health checkups for the purpose of preventing lifestyle-related diseases, as mandated by the law concerning healthcare for senior citizens, have been carried out for those 40 years old and older since 2008; and detailed analyses of the health data have been conducted. Moreover, specific health guidance depending on the risk level for lifestyle-related diseases is offered 22) . The association between LS and lifestyle-related diseases has begun to attract attention, because disuse or functional decline of the locomotorium can lead to lifestylerelated diseases 23, 24) . Although the results of the present study do not indicate an association between lifestylerelated diseases and LS, performing health checks for LS in parallel with those for lifestyle-related diseases may be effective for not only monitoring visceral fat obesity, but also assessing the function of the locomotorium. In a cross-sectional study, Akahane et al. examined the association between LS and lifestyle-related factors, such as smoking and dental health 25) . From the perspective of LS prevention, additional studies on the association of various lifestyles with LS are needed.
Regarding the differences in SF-8 scores between the LS and non-LS groups, the mean PCS score of the participants in the LS group was significantly lower than that of participants in the non-LS group. Therefore, lower subjective evaluations of physical health corresponded with anxiety about physical strength. Imagama et al. reported that complaints about and pain of the locomotorium worsened with a decline in mobility, as assessed by the LS risk test, and reduced quality of life, as measured by the 36-Item Short Form Health Survey (SF-36) 26) . A strong association between LS and pain in both the back and hip joint was shown in the present study, and pain in the back and hip joint might be a factor related to the lower physical health evaluations of participants with LS.
In conclusion, this study demonstrated that approximately 30% of 263 workers between 20 and 67 years old were at risk for LS, with some of those at risk in their 20s. High ratios of young participants and participants in the LS group were also found to have anxiety about their physical strength compared to participants in the non-LS group. Furthermore, a strong association between LS and pain in both the back and hip joint was shown, and the mean PCS score of the participants in the LS group was significantly lower than that of participants in the non-LS group. Thus, intervention to prevent LS is important during its early stages, and signs such as pain in the locomotorium and anxiety about physical strength must not be overlooked.
